Abstract: Caulerpa lentillifera is green alga which is eaten and known as green sea caviar in Japan. After extraction with 70% ethanol, chloroform/methanol (1:1, v/v), aceton and hot water, polysaccharide was extracted by 24% KOH and collected as KOHP. KOHP became water-insoluble after neutralization with acetic acid. The results of neutral sugar composition analysis showed that the KOHP was mainly composed of xylose. Methylation analysis showed that the KOHP mainly consists of 1,3-linked xylose. The result of the optical rotation analysis indicated that the KOHP was composed of ß-linked sugar. These results indicated that polysaccharide in C. lentillifera extracted by 24% KOH is relatively pure β-1,3-xylan.
Seaweeds have been widely consumed as foods, but also cosmetic and pharmaceutical industries.
1) There have been many reports regarding function of cell wall polysaccharides from algae. Fucoidan which is sulfated α-1,3-fucan in Cladoshiphon okamuranaus, 2, 3) α-rhamnan in Ulva spp., 4) β-1,4-mannan in Codium latum 5) and β-1,3-xylan in Bryopsis maxima, 6) etc. have been isolated as a major polysaccharide in algae. Algal polysaccharides are useful for a new renewable source of biomass for production of fuels and other chemicals. Lately, there has been increasing interest and worldwide studies in producing bioethanol from algae instead of agricultural stock. With today s interest in novel renewable chemicals and polymers, to understand a chemical structure and a sugar composition of the algal polysaccharides becomes of considerable interest.
Caulerpa lentillifera is green alga that grows in tropical antemperate climates. Caulerpa lentillifera grows in the southern part in Japan, particularly is cultivated in Okinawa. Regarding the polysaccharides isolated from Caulerpa spp., the polysaccharides extracted from C. lentillifera,
7)
C. brachypus, 8, 9) C. racemosa 10) and C. fi liformis 11, 12) have been characterized. However, even if they are extracted from the same species, algal polysaccharides are variety depending on its geographical origin, and environmental parameters, etc.
10) Here, we extracted polysaccharide from C. lentillifera cultivated in Okinawa by KOH and described its sugar composition and chemical structural analysis. This is the fi rst report regarding polysaccharide from C. lentillifera cultivated in Okinawa.
MATERIALS AND METHODS
Caulerpa lentillifera which is cultivated in Okinawa, Japan, was kindly gifted by Shes Co.. Caulerpa lentillifera was washed with tap water and freeze dried. To prepare defatted algae powder, freeze dried alga was powdered by blender and sequentially treated with 80% ethanol, chloroform/methanol (1:1, v/v) and acetone. The residues after fi ltration through with No. 2 fi lter paper (TOYO Co., Ltd., Nisshin, Japan) were used for the experiment as defatted algal sample. The polysaccharide from defatted algal sample was extracted by KOH after hot water extraction. The defatted algal powder (3 g dry weight) was stirred in 600 mL of water, and heated at 85 C for 3 h, then, the extracts were centrifuged at 20,000 G for 15 min. The centrifugation was carried out as the same in the following experiment. The residue was collected and sequentially treated with 200 mL of 24% KOH containing NaBH4 for 6 h at room temperature. The supernatant after the centrifugation was contained the polysaccharide extracted by KOH and collected as KOHP. After KOHP was neutralized with acetic acid, the supernatant and the precipitates by a centrifugation was collected as soluble and insoluble polysaccharides, respectively.
Total sugar and uronic acids were determined by the phenol-sulfuric acid method 13) using glucose as a standard sugar and m-hydroxybiphenyl method 14) using glucronic acid as a standard sugar. Estimation of sulfate in polysaccharides was determined by HPLC with AS4A-SC column (4 250 mm, Dionex Co., Tokyo, Japan). The column was eluted at 1 mL/min at room temperature with buffer containing 1.7 mM NaHCO3 and 1.8 mM Na2CO3. For sugar composition analysis, the sample (250 μg sugar) was hydrolyzed in 2 M TFA at 100 C for 1.5 h. Hydrolysate was dried and dissolved in distilled water. Monosaccharides in the hydrolysate were detected with HPAEC with CarboPac PA1 column (4 250 mm, Dionex Co.). The column was eluted at 1 mL/min at 35 C with 15 mM NaOH or water. In order to soluble in water, the water-insoluble polysaccharide in KOHP was partially hydrolyzed with 1 M TFA at 70 C for 3 h as described by Kiyohara et al. 15) The supernatant after centrifugation was desalted with Amberlite IR-400 and Amberlite 120 beads (Sigma-Aldrich Corporation, St. Louis, USA). The products were determined with by thin layer chromatography (Silica Gel 60, Merck Corporation, Darmstads, Germany) with using a solvent containing 1-butanol/ acetic acid/ water (10:5:1, v/v). After spraying 5% of sulfuric acid in ethanol, the plate was heated at 100 C for 10 min to detect products as described by Kiyohara et al. 15) Optical rotation of the partially hydrolyzed KOHP was determined at 589 nm on a polarimeter DIP-180 (Japan Spectoroscopic Co., Ltd., Tokyo, Japan).
To know the sugar linkage of polysaccharides, methylation analysis was carried out as described by Ciucanu and Kerek. 16) Partially hydrolyzed KOHP (2 mg) was used for methylation analysis. The partially hydrolyzed KOHP was methylated with CH3I and NaOH in DMSO reagent, the methylated sample was then subjected to hydrolysis with 2 M TFA before reduction with NaBH4. The product was acetylated and analyzed by GC-MS spectrometry (GC-MS-QP 5000, Shimadzu Co., Kyoto, Japan) with SP2330 column (0.25 mm 30 m, Supelco Inc., Ann Arbor, USA). The column temperature was maintained at 80 C for 2 min and then increased to 170 C at 30 C/min, and subsequently to 235 C at 4 C/ min, and held at 235 C for 10 min.
RESULTS AND DISCUSSION
After treatment with 80% ethanol, methanol: chloroform (1:1), and aceton, 1.3 g of algal samples were obtained from 2.0 g of dried algal powder. Total sugar amount of KOHP was 169.0 mg from 1 g of defatted algal sample (Table 1) . The water-soluble and insoluble fractions were obtained by neutralization of polysaccharide after extraction with 24% KOH, which was 5% and 95% of KOHP, respectively. Neutral sugar composition analysis showed that watersoluble KOHP was composed of D-galactose (Gal), D-glucose (Glc), D-xylose (Xyl) and D-mannose (Man) into the ratio of 1.1 : 4.7 : 0.3 : 0.4. The water-insoluble KOHP was composed of D-Xyl as major sugar and D-Glc. Uronic acid in soluble and insoluble KOHP was 14% and 3.6%, respectively. Furthermore, no sulfate in KOHP was detected by the analysis of sulfate contents. These results indicated that the polysaccharide extracted by 24% KOH was mainly water-insoluble and consisted of Xyl (Table 1) . To further analysis, water-insoluble KOHP was partially hydrolyzed with 1 M TFA at 70 C for 3 h to be soluble in water. We confi rmed it by thin layer chromatography that the KOHP was partially hydrolyzed to oligosaccharides, indicating that the oligosaccharides in partially hydrolyzed KOHP (KOHP oligosaccharides) were a mixture of monosaccharide and up to DP 6 oligosaccharides (Data not shown). The optical rotation of the KOHP oligosaccharides showed a value of 0.009 at 60 C and was decreased to a value of 0.002 at 20 C with decreasing a temperature, indicating the sugar linkage of KOHP oligosaccharides is consisting of β-linked sugar residues ( Table 2) .
The glycoside linkages of KOHP oligosaccharides were determined by methylation analysis. Results of methylation analysis of KOHP oligosaccharides were listed in Table 3 . The methylation analysis of KOHP oligosaccharides showed that xylose was the most abundant sugar and it primarily was 51.3% of 2,4-Me2-Xyl which is 1,3-linked Xyl. The next abundant was 24.8% of 2,3,4-Me3-Xyl which is terminal Xyl. This was due to the increase of reducing ends in the sample by using oligosaccharides for the methylation analysis. Other xylose was determined as 8.3% of 2-Me-Xyl and 3.6% of 2,3-Me2-Xyl which is 1,3,4-linked and 1,4-linked Xyl, respectively. The xylooligosaccharides which is Xyl-1,4-Xyl-1,3-Xyl or Xyl-1,3-Xyl-1,4-Xyl, were isolated from C. racemosa.
15) Thus, the KOHP is likely to be xylan branched at position of O-4. From the result of methylation analysis, the KOHP also contained 12% of Glc which was terminal and 1,4-linked. There have been several reports regarding Glc residues in β-1,3-xylan from different algal sources. Cell wall polysaccharide in Bryopsis maxima, C. anceps, Halimeda cuneata and Chlorodesmis formosana, consisted β-1,3-xylan containing between 8.4 and 9.1% of Glc.
17) Furthermore, Kiyohara et al. 15) showed the structure of insoluble β-xylan from C. racemosa, in which Glc residue was linked to Xyl by a 1,3-bond. These indicated that Glc residues in β-xylan is not 1,4-linked residues but a single Glc residue. Thus, it is unlikely that the 1,4-linked Glc residues in KOHP are a member of β-xylan, they might be contaminated from cellulose or starch. From these results, the β-1,3-xylan from C. lentillifera can be extracted by 24% KOH, and it is water-insoluble and relatively pure, in which some Xyl residue was branched at position of O-4. 
